Recently developed tracking technologies may be useful in managing mobility problems among elders with cognitive impairment. For clinical and research purposes it is critical to assess research participants' cooperation with the tracking protocol. The aim of the current study was to assess the ability of older adults with various levels of cognitive impairment to participate in GPS-based studies. Fifty-three participants aged 63+ and their study partners were interviewed. Participants were tracked for four weeks, 24 hours a day, using a location kit combining Global Positioning System with Radio Frequency Identification technology. Participants' cooperation was associated with positive affect (r = 0.35, p < .01), life satisfaction and study partner's older age (r =0.37, p<.01). Advanced tracking technologies offer a feasible method of measuring outdoor mobility behavior of older adults. This preliminary study sets the stage for further data collection via innovative technologies and design interventions to manage mobility problems.
INTRODUCTION
As the world's population ages, cognitive impairment related to dementia has become more prevalent. A recent consensus study [1] reported a world prevalence of 24.3 million people with dementia in 2001, for a rate of 3.9% among those aged 60. That rate is expected to double every 20 years. Dementia-related disorders constitute a serious threat to the health and well-being of older adults. One of the more common behavioral manifestations of these disorders is problems with out-of-home mobility [2] , particularly wandering behavior, estimated at 20-25% of communitydwelling dementia patients [3] .
Outdoor mobility problems affect the family as well as the patient. Disturbing behaviors have been found to be related to higher caregiving burden and depression [4] . Wandering is the most frequently mentioned, most problematic, and least manageable behavior, and is a key factor in the decision to institutionalize older people [5] . These individuals may benefit from different types of interventions [6] , including the use of advanced tracking technologies, as described in the current study.
In the past, efforts to assess mobility behavior of people with dementia relied on time-space diaries and observations of caregivers [7] . In recent years sophisticated tracking technologies have been developed that may be useful in measuring and managing mobility and wandering problems and promote safe walking. For example, one recent study has *Address correspondence to this author at the Paul Baerwald School of Social Work and Social Welfare, The Hebrew University of Jerusalem, Mount Scopus, Jersalem, 91905, Israel; Tel: +9722 5881377; Fax: +9722 5883927; E-mail: shirlior@mscc.huji.ac.il aimed to create acceptable and effective prototype technologies to facilitate independence for people with dementia [8] . The use of electronic tracking devices may reduce the distress and burden of family caregivers and allow them to continue caring for the elder in the community.
One sophisticated tracking technology that has been advanced in recent years is GPS (Global-Positioning Systems)-based tracking. Such devices are employed in the SenTra project, a five-year bi-national collaboration between Israeli and German researchers focusing on the use of GPS -based tracking technology to examine out-of-home mobility of older persons with various levels of cognitive decline. SenTra is an interdisciplinary project involving researchers from geography, social work, gerontology, psychology, and medicine. In the SenTra project activity patterns of cognitively impaired persons as well as unimpaired controls are assessed over a period of one month, with data collection repeated in a second and third round, each year for a total of three years. The main goals are to assess differences in outdoor activity patterns of participants with different levels of cognitive functioning and to analyze how participants' activity patterns are related to their own well-being and to that of their families [9] .
To achieve the goals of the SenTra project, it is first critical to ascertain that elderly participants are able to comply with the research protocol. This is the focus of the current report. Measuring compliance in use of such technology is important as studies that have focused on other such communications, such as personal emergency response systems, have shown that some older individuals either do not wear the device at all or do not wear it consistently [10] . It is critical to assess the level of cooperation of research participants with the tracking protocol for both research and clinical purposes. For research purposes it is important to ensure that the behavior reported represents the actual behavior of the participant. This will be achieved when the participants are using the devices properly as described in the research protocol. For clinical purposes, compliance with the current study design will provide important information regarding the potential for participation in real life situations as this technology becomes more readily available.
Thus, the aim of the current study is to report on initial findings of such an assessment. As a preliminary step in the SenTra project, the Israeli team conducted a pilot study to assess the willingness and ability of participants to comply with a complex research protocol and to determine the degree to which participation was related to personal attributes of the participants and their families. Although the use of tracking technologies has become increasingly common in a variety of areas, to the best of our knowledge, this is the first systematic examination of factors related to participation of elderly participants in research involving such devices.
METHODOLOGY Participants
Fifty-three participants aged 63+ (24 male and 29 female) were recruited through the psycho-geriatric clinic at the Tel-Aviv Medical Center. Means and standard deviations of participants' background characteristics as well as all variables employed in the current study are found in Table 1 Assignment to the three sample groups was based on the clinical diagnosis using DSM-4 operational criteria for dementia [11] . MCI criteria were based on Petersen et al. [12] and Winblad et al. [13] criteria. Screening included the Mini-Mental State Examination (MMSE) [14] , NeuroPsychiatric Inventory (NPI) [15] , and the Geriatric Depression Scale (GDS) [16] . Exclusion criteria included: MMSE score <21, severe motor and motility disorders (e.g. Parkinson disease), sensory impairment, certain medical problems, a history of substance abuse, major psychiatric illness or lack of Hebrew language skills. Elders residing in institutions were also excluded. Only elders with caregivers, potential caregivers or significant others living in close proximity, and willing to participate in the study as study partners were included.
Participants were tracked for four weeks (28 days). This time period was deemed long enough to characterize the regular activities of the elderly participants, yet not too long to be overwhelming and burdensome. All participants re- ceived a full explanation of the study's purpose and their roles, and were asked to identify a study partner (preferably a family member) who cared for them, or would care for them, if necessary. Study partners were recruited in this study for two reasons: First, given that the research protocol necessitated active participation of elders with cognitive impairments, the study partners' help was sought to facilitate and encourage participation. Further, study partners themselves were of direct interest in order to examine the influence of the use of the tracking technology on their quality of life.
Fifty-three family study partners participated in the study: 27 spouses of the participants; 24 adult children, one friend and one grandchild. All the spouses co-habitated with the participants, while the other study partners resided in separate households. Study partners were expected to know the participants well and have daily contact with them. Participants could withdraw from the study at any time. The study was approved by the IRB of the Tel Aviv Medical Center (NIH registration number NCT00743418).
Instruments and Procedures
Following diagnostic evaluation, participants and their study partners were interviewed at the participants' homes by licensed social workers, trained specially for this project.
The independent variables included: demographic variables, cognitive state, self-rated health and psycho-social variables. Demographic variables were: age, sex, years of education and study partner's relationship to the participant (spouse or other). Participant cognitive status was classified by major cognitive grouping as healthy, MCI or mild dementia. We also included mini-mental scores (from 21 to 30) and NPI scores (from 0 to 60).
Self-rated health was measured by six of the eight subscales of the SF-36 [17] questionnaire (physical functioning; role limitations due to physical health; role limitations due to emotional problems; social functioning; pain and general health). Each of the six sub-scales was transformed to range from 0 to 100. The energy/fatigue and emotional well-being sub-scales were not used as they overlapped other questionnaires used in the study.
Emotional state of participants and study partners was assessed by the Positive and Negative Affect Schedule (PANAS) [18] , in which each sub-scale ranged from 9 to 45 with higher scores indicating more positive and more negative affect. Life satisfaction was measured by a single item ranging from 0 (very unsatisfied) to 10 (very satisfied). In addition, study partners completed the short version of the Zarit Burden Interview [19] , with scores ranging from 0 to 48, with higher scores indicating higher degree of burden.
Following the interview, participants were provided with a location kit and instructed on its use. The kit was comprised of three elements (see Fig. 1 ): 1) a small portable unit containing a GPS receiver, GSM (Global System for Mobile Communication) modem and an RF (radio-frequency) receiver; 2) a wristwatch, that incorporates an RF transmitter and sensors that detect whether the watch is being worn on the body; and 3) a stationary home unit that repeats the RF signal and allows the participant to walk freely around the house without carrying the portable unit described above.
Participants were expected to wear the wristwatch at all times and take the portable unit with them whenever they left home all hours of the day for a period of 4 weeks. Study partners were expected to encourage and reassure the participant on the use of the tracking equipment by reminding the participant to take the device when needed; however, no clear guidelines were set for the study partners and each encouraged the participant according to their ability. Interviewers contacted participants and/ or their study partners by phone once a week with additional contacts if problems arose.
The RF transmitter-watch allows researchers to know whether participants are carrying the GPS device at any given moment. If the watchstrap is opened or the RF transmitter is not in contact with the body, the system notifies research staff. If the watch is worn on the hand, but is further than ten meters from the GPS receiver (at home, 70 meters because of the home monitoring unit) then a notification also will be issued. This combination of measures allowed researchers to ascertain the participant's level of participation at all times. Fig. (1) . Elements of the location kit.
When the participant is outside the home, the GPS receiver obtains locations every 10 seconds, for up to 12 hours without recharging. The data are sent by GPRS (General Packet Radio Service) to the project's server at the Hebrew University of Jerusalem, enabling researchers to monitor participation in real time. When problems related to the equipment or its use arose, interviewers contacted participants to review the protocol and resolve problems. Typical problems were related to the participant use; such as forgetting to charge the device or to take the device with them when leaving the home. The minority of the problems were related to the equipment, such as low battery strength on the watch or the GPS device. The current study is only concerned with problems related to the participants' use of the device.
In order to measure participation, a daily check was done for each participant for each hour of the previous day. Data obtained in a given hour were considered valid if researchers were certain as to the location of the participant. An hour was classified as having "valid" data if there were at least 30 minutes of valid data for that hour. On the other hand, if there were more than 30 minutes in which the watch was taken off the hand, or the GPS was not functioning (for reasons related to participant use), then the data for this hour were considered "not valid". Certain situations of missing data, which could be explained by the research participant, were included as valid in the analyses. For example, if a participant found it difficult to sleep wearing the watch or removed it while swimming and his location during the period was verified, these hours were considered "valid" for the analyses. Such situations were usually known to the interviewers during the initial interview.
Following four weeks of tracking, participants and study partners were re-interviewed using the same instruments detailed above. At this point, both participants and their study partners were asked to report on their satisfaction with the tracking device by employing an 8 item scale derived from the Quebec User Evaluation of Satisfaction with Assistive Technology [QUEST 2.0, [20] ]. This scale rates satisfaction with the device's dimensions, watch's dimensions, device's weight and durability, ease of use, comfort, watch comfort and efficiency. A mean score of the eight items (ranging from 1 to 5) was calculated to represent satisfaction with the technology.
Statistical Analyses
Based upon the above criteria, two measures of cooperation were calculated for each participant: number of valid hours and percent of valid hours. Percent of valid hours was calculated by dividing the number of valid hours by the total number of hours tracked. The correlation between the number of valid hours and the percent valid hours was high [r s (51)=0.83, p<.001]. These two dependent variables were then examined in relationship to the demographic, health, cognitive and psycho-social measures. Given the fairly small sample size, analyses are mainly descriptive and all were conducted using non-parametric statistics. Spearman correlations were used to determine the association between interval level independent variables and cooperation in the research. Mann-Whitney tests were applied for dichotomous independent variables while Kruksal-Wallis test was used for other categorical independent variables. Finally, a stepwise linear regression was conducted in which all variables found to be related to percent valid hours were entered into the regression equation.
RESULTS
Overall, the number of valid hours ranged from 232 to 691, with an average of 573.53 hours, sd = 93.10. Percent valid hours in the entire sample ranged from 39.73% to 98.96%, with an average of 84.39% (sd = 13.45). According to the Kolgomorov-Smirnov test, both number of valid hours and percent valid hours were normally distributed (K-S= 1.14 and 1.21 respectively, p>.05). Table 2 shows the level of cooperation according to the three diagnosis groups. As seen, almost 70% of the participants had a high cooperation rate of more than 80% valid hours. Only two participants had a cooperation rate lower than 60% (specifically 40.28% and 39.73%). Both of these were married female participants, one with MCI and one with mild dementia. Table 3 shows the levels of cooperation by participants' and study partners' background variables. There was no significant difference in cooperation between male and female participants. Neither patient's age nor education were associated with cooperation. As to the study partners' characteristics, cooperation was not associated with study partners' gender; however number of valid hours was associated with study partners' age. However, participants with older study partners were more cooperative with the research protocol. Table 4 shows the levels of cooperation by cognitive status and psychosocial state. In terms of cognitive status, the highest cooperation rate was found for MCI participants, followed by healthy and dementia participants. However, these differences were not significant. Cooperation was not related to participant depression as measured by the GDS (Geriatric Depression Scale) or to NPI scores. As for selfrated health, only physical functioning was found to be significantly correlated to cooperation according to percent valid hours. In terms of psycho-social variables, cooperation was found to be positively related to participants' positive affect and to their level of life satisfaction. Caregiver burden was not correlated with cooperation. Borderline significant differences were found between the three cognitive groups in the report of their satisfaction from the GPS device use ( K-W =5.72, p=.06 with most satisfaction reported by participants with MCI, M=3.34, sd=.79; followed by participants with mild dementia, M=2.94, sd=1.05 and healthy controls M=2.68, sd=1.02). Table 5 shows the results of a linear stepwise regression in which all variables that were found to be related to percent valid hours (participants' satisfaction from life and positive affect and caregivers' age) were entered into the equation. A stepwise regression was selected as one of its advantages over regular regression is that the former can substantially reduce the number of predictor variables to be used without losing a substantial portion of explanatory power of the data [21] . Results show that caregiver's age and participant's positive affect were both predictive of percent of valid hours; however, participant's life satisfaction no longer had a predictive capacity.
Cooperation and Participant's Characteristics

DISCUSSION
This study examined cooperation of cognitively impaired and non-impaired elderly persons with Global Positioning Systems-based research protocols and the relationship between cooperation and a variety of demographic, cognitive, health and psycho-social variables, based on a pilot study of 53 participants. Cooperation was found to be high. An average of 84% valid hours was noted indicating an ability to learn about the participant's out-of-home behavior during 84% of the hours of study.
None of the participants' demographic characteristics were found to be related to their level of cooperation. This indicates that elderly participants of different backgrounds are able to comply with the complex regimen of the current study over a fairly long period of time.
One explanation of the high levels of cooperation may be the strong bond formed between the participants and the interviewers over the course of the study. Previous research has shown that participation has been better when there is a positive relationship between patient and care provider [22] . This is particularly important in the current study in which interviewers were in frequent contact with the participants and were able to answer any of their questions regarding participation or try to find ways to help participants improve their cooperation (for example, place a note on the apartment door reminding them to take the equipment). The implications for research are that time and effort must be invested in the correct selection and training of interviewers so that they are able to form good relationships with study participants.
Another explanation of the high cooperation rate may be that participants view the technology as helpful for them. This is supported by anecdotal findings of requests by some participants to keep the GPS device with them after the study period has terminated. This request could not be granted at this point in the research as participants were expected to participate again the following year (in a repeated measure design). Also the device cannot be used for tracking without the use of the university website which was not possible for people not taking part in the research at a given time.
Although most of the participants' background characteristics were not related to their participation with the research design, their emotional wellbeing was related to their participation. Both higher life satisfaction scores and higher positive affect scores were related to more compliant behavior (although in the regression analysis only life satisfaction remained a significant predictor). One possible explanation for the better cooperation of participants with higher wellbeing may be related to personality traits which have been found to be related subjective well-being. Specifically, participation in this research may be viewed as an expression of "openness to experience" as the use of the GPS tracking device may be seen as an exciting venture. Openness to experience is a personality trait that is characterized by intelligence, culture, creativity, broad interests and cognitive complexity [23] . Openness to experience has been found to be related to happiness, positive affect, quality of life [24] [25] [26] and contentment [27] . An additional personality trait which might be explanatory is that of conscientiousness, that describes task behavior [23] and has also been found to relate to subjective wellbeing, especially life-satisfaction [24] . As the current research did not examine personality, this explanation requires further investigation.
Beyond the participants' characteristics, some of the study partners' background characteristics were found to be important for their relative's cooperation. Participants whose study partners were their spouses and were older were more likely to comply. This may reflect the spouses' encouragement for cooperation in the hope that electronic tracking would give them some peace of mind and eliminate future need to search for a lost relative [28] .
The requirement for a study partner in research protocols may pose a threat to the participation of elderly persons in the study [29] . The current study points to the importance of careful selection of the study partner. The higher cooperation rate of participants whose study partners were their older spouses may be related to the geographic proximity which allowed the spouses, who all lived with the participants, to encourage cooperation with the protocol. It is also possible that familial emotional proximity is of key importance. Spouses who are more involved with the participant than children, may be more aware of the difficulties in coping with a dementia patient in the home particularly in the early stages of decline [5] and may thus be a positive force in their study partners' continued participation.
The strength of this study is in showing that advanced tracking technologies offer a feasible method to measuring out-of-home mobility behavior in an elderly population, allowing researchers to obtain objective data from the elders themselves as opposed to observational reports of caregivers. However, although this study points to the ability to implement advanced tracking technologies within research, the daily use of such technologies raise many ethical issues and concerns; such as issues of privacy, autonomy and freedom. These ethical issues must be addressed before wide-spread use of these technologies among people with cognitive impairments is recommended. These ethical issues are being examined within the larger study [30] .
The findings of this study have strong implications for the clinical application of GPS-based technologies. First, the high level of participation among participants of varying backgrounds may mean that elders in general may be able to utilize GPS devices for their everyday life needs. One of the study limitations is that the sample did not include any participants with severe forms of dementia and thus we can not raise any conclusions regarding the ability of this group to utilize the device. However, given the results we would suggest that use of GPS-based technologies should be employed during early stages of dementia. During these stages, the individual may learn to utilize and get adjusted to the device that may become inherent in their life. This hypothesis warrants further exploration.
The current findings point to the importance of the interviewers and the study partners in the use of the device. These significant others encouraged participants to comply with the study demands and reminded them to take the device when needed. These results may imply that elders who live on their own may find it more difficult to use such devices. Such elders may not have anyone available to remind them to charge the device and take the device with them. Further, these elders might be prone to loneliness and lower wellbeing which may also make it more difficult for them to utilize the device. Thus, programs and interventions might be developed that may help these individuals to benefit from such devices. For example, a reminder phone call in the morning and at nights.
The findings of this preliminary study must be considered in light of several limitations which also set the stage for future research. The main limitation of this study is its small sample size. Another issue is that the role of the study partners was not pre-determined. Strict guidelines may have changed the results of this study, possibly allowing for even better cooperation. Finally, all participants in the current study are community dwellers and none have severe dementia. It would be interesting to examine the use of these advanced technologies in additional settings such as adult day health centers, hospitals and long term care settings as well as among people with severe dementia. This would allow for the participation of participants at later stages of dementia.
Further, it would allow for comparison of study partners who are not family caregivers, but rather staff members at those settings.
